The new series of ten 4,4'-bis(5-alkyl-2-thienylcarbonyloxy)azobenzenes ( 2 a -2 j) and ten 2,5-bis(5-alkyl-2-thienylcarbonyloxy)toluenes ( 3 a -3 j) were prepared. These, as yet unknown esters were characterized in relation to their structures by elem ental analyses, IR, UV, 'H NM R spectra and MS.
Introduction
T here is an in terest in looking for a generally accepted th eo ry which is able to predict the in teractio n b etw een m olecular structure and liquid crystalline p roperties. This is the reason for sys tem atically varying the basic m oieties of liquid crystalline com pounds (flexible chain, core, discotic skeleton, po lar groups, sh o rt connectors). A n overview of those possible com binations can be seen in [11] . biphenyle com pounds [1] in relation to their liquid crystalline properties.
For the identification and characterization of the substances, a detailed spectral interp retatio n was carried out.
Synthesis
The 5-alkyl-2-thiophenecarbonyl chlorides l al j described by K oßm ehl and Budwill O n continuing o u r studies on liquid crystalline com pounds in th e thiophene series [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] , new com pounds of th e type were p rep ared and com p ared w ith th e already known analogous series of 0932-0776/95/0800-1265 $06.00 © 1995 Verlag der Zeitschrift für Naturforschung. All rights reserved. phenecarboxylic acids and thionyl chloride. In contrast to the literatu re, these com pounds w ere isolated and characterized.
4,4'-dihydroxyazobenzene (4) was p rep ared as
rep o rted by W illstätter and B orn [12] . 2,5-Dihydroxytoluene (2-m ethylhydroquinone) (5) was purchased commercially. The diols 4 and 5 w ere bo th esterificated by th e acid chlorides l a -l j . The synthetic ro u te is outlin ed in Schem e 1.
Results and Discussion
The structures of th e synthesized com pounds 2 a -2 j and 3 a -3 j , which are as yet unknow n, w ere characterized by th eir elem ental analyses, IR , UV, !H N M R spectra and MS.
A s in the case of the established 4,4'-bis(5-alkyl-2-thienylcarbonyloxy)biphenyles described by K oßm ehl and Budwill [1] , and the 4,4'-bis(5-alkyl-2-thienyl-m ethylideneam ino)azobenzenes describ ed by the sam e au th o rs [4] , the as yet unknow n 4,4'-bis(5-alkyl-2-thienylcarbonyloxy)azobenzenes 2 a -2 j indicate liquid crystalline phases. The m esophases w ere observed by m icroscopy (mic) u nder polarized light. Fig. 1 presen ts th e analysis of the melting, clearing and freezing points for the esters 2 a -2 j .
The results of observations carried out on the textures and from therm ic d ata received through studies on the esters 2 a -2 j are listed in Table I. The phases have been identified by th eir textures. The observed textures w ere com pared w ith the textures given by D em us and R ichter [13] . For com parison, the therm odynam ic data of c o rre sponding 4,4'-bis(5-alkyl-2-thienylcarbonyloxy)-biphenyls 6 a -6 h [1] are also given. W hen com paring the esters 2 a -2 j with th e c o r responding 4,4'-bis(5-alkyl-2-thienylcarbonyloxy)-biphenyls [1] (with the biphenyl unit only instead of the azobenzene unit) it is obvious th at the com pounds with the longer azobenzene unit have bro ad er liquid crystalline phases, low er m elting points and higher clearing points. The appearan ce of smectic phases (m onotropic and enantiotropic)
can be observed for the com pounds 2h, 2i and 2j
with octyl and longer alkyl groups, in co n trast to the biphenyl derivatives with pentyl (6 e) and longer alkyl groups (6 f-6 h ), thus indicating the necessity for long flexible groups for longer m esogenic groups. The length of the alkyl chain stands in relation with the m elting points. O ne can find the low est one for 2 e and 3 e as well as for 6 e w ith five C -atom s as flexible group (see Table I and Fig. 3 ).
As expected from the literature [14] . odd num bers of C-atom s in the alkyl chain (n = 1, 3, 5, 7, 9) give higher clearing points than even num bers. In Fig. 1 , the fluctuation is only weakly expressed. 
8.3
Number of C-atoms Fig . 2 shows the results of the X-ray structure data [16, 17] . D isplaced, parallel o rientation was analysis of 4,4'-bis(5-butyl-2-thienylcarbonyloxy)-observed. O nly the rram -azobenzene group is azobenzene (2 d ) and Table II the crystallographic found to be planar while the disubstituted thio-phen e-p art is drilled. Statistical d isorder was found and taken into account to g e th e r w ith a side occu pation factor of 1/2 for each atom .
The 2,5-bis(2-alkyl-2-thienylcarbonyloxy)toluenes 3 a -3 j m elt while heating from the crystalline to the isotropic state w ithout form ing liquid crystal line phases (see Fig. 3 ).
E xperim ental Part
The IR spectra w ere p erfo rm ed w ith a Perkin-E lm er 580 spectro m eter with K B r pellets. The 'H N M R spectra w ere carried out w ith a B ruker 250 M H z spectrom eter, the mass spectra with a Varian-M AT, the U V spectra w ith an U V Perkin-E lm er 330 and the elem ental analyses with a Perkin-E lm er 2400 C H N E lem en tal A nalyzer.
The transition tem p eratu res w ere determ ined by a th erm o recep to r Pt-100 on an universal re search m icroscope with a C arl Zeiss C om pany heating table. Therm al analyses w ere p erform ed with a H eraeu s differential scanning calorim eter TA 500.
Materials General synthesis o f the 5-alkyl-2-thiophenecarbonyl chlorides l a -l j
Freshly distilled SO C l2 was added to the 5-alkyl-2-thiophenecarboxylic acids, as described by Koß-m ehl and Budwill [1] and refluxed for 1 h.
Excessive SO C l2 was rem oved by distillation and the residue distilled in vacuo producing a clear, colourless liquid. , 1230/1200 (dp) v (A r-C = C ); 1045 (s), 835/815 (dp) < 5 (A r-C -H )oop; 785 (s), 665 (s) ( C -C l).
5-M ethyl-2-thiophenecarbonyl chloride
This spectrum is also typical for l b -l j . 
5-D ecyl-2-thiophenecarbonyl chloride (lj)
F
G eneral synthesis o f the 4,4'-bis(5-alkyl-2-thienylcarbonyloxy)azobenzenes 2 a -2 j [1]
W hile being cooled w ith ice and stirred m echan ical, the solution of tw o equivalents of the ap p ro priate 5-alkyl-2-thiophenecarbonyl chlorides in absolute pyridine was added dropw ise to a solu tion of 4,4'-dihydroxyazobenzene (4) [12] in abso lute pyridine.
The resulting p recipitates w ere filtered off by suction, w ashed and recrystallized twice from dioxane. 2.9840, 329/4.4221, 291/4.3855, 255/4.3065. 4, C 36H 42N 70 4S2 (630.8) Calcd C 68. 54 H 6.71 N 4.44 S 10.16%, Found C 68.59 H 6.66 N 4.45 S 11.07% . 4 H , 7.84 (d. J 34 = 4 Hz, 7.38 (m, J65 = J23 = 8 H z, 4 H , 3 , 6.84 (d, 743 = 4 Hz, 2 H , ; 2.88 (t, 4 H , T h -C H 2-) ; 1.72 (quint., 4 H , T h -C H 7-C H 2-) ; 1.28 (m, 16H , A lk -C H 2-) ; 0.88 (t, 6 H, -C H 3) . -U V (CHC13) /l(nm )/loge: 434/2.9840, 329/4.4221, 291/4.3855, 255/4.3065. 4 , C38H46N 20 4S2 (658.9) Calcd C 69. 27 H 7.04 N 4.25 S 9.73% , Found C 69.28 H 6.98 N 4.27 S 10.68% . (5-alkyl-2-thienylcarbonyloxy) toluenes 3 a -3 j [1] While being cooled with ice and stirred m echan ical, the solution of two equivalents of the ap p ro priate 5-alkyl-2-thiophenecarbonyl chlorides in absolute pyridine w ere added dropw ise to a solu tion of 2,5-dihydroxytoluene in absolute pyridine. A fterw ards, the precipitate was filtered off by suc tion and recrystallized from m ethanol. (5-m ethyl-2-thienylcarbonyloxy) (5-ethyl-2-thienylcarbonyloxy) 
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